In German Switzerland the learning and assessment of Swiss German Sign Language (Deutschschweizerische Gebärdensprache, DSGS) takes place in different contexts, for example, in tertiary education or in continuous education courses. By way of the still ongoing implementation of the Common European Framework of Reference for DSGS, different tests and assessment procedures are currently been developed and their potential is explored to support the learning and assessment of DSGS. Examples of this are two vocabulary size tests. The first is a web-delivered Yes/No Test, the second a Translation Test from written German to DSGS. For both tests, the same set of items was used. The items were sampled from DSGS teaching materials. For the development of the two vocabulary size tests, 20 DSGS adult learners of ages 24 to 55 (M = 39.3) were recruited as test takers. An item analysis of the test results yielded candidates for removal from the item set. Cronbach's Alpha showed good results for both tests (>.90), and inter-rater reliability of the Translation Test also indicated promising results (Cohen's Kappa = .613, p <.001). Evidence contributing to content validity was collected based on the sampling method of the test items. Due to the lack of a second DSGS vocabulary test that could be used to establish concurrent validity, external variables were identified and investigated as possible external criteria contributing to the performance of the test takers. One variable, number of courses attended, showed a significant correlation with the test results.
Introduction
The implementation and the use of the Common European Framework of Reference for Languages (CEFR; Council of Europe, 2009) is a rather new development in the field of learning sign languages as a second or foreign language in tertiary education in Europe. It has only been with recent attempts to align sign language curricula to the CEFR that the development of assessment instruments to evaluate adult learners of a sign language has become possible. Evidence for this are European projects such as D-Signs (Leeson & Grehan, 2009) and ProSign: Sign Language for Professional Purposes (Leeson, Haug, Rathmann, Van den Bogaerde, & Sheneman, 2018) .
We find evidence of progress also in the German-speaking part of Switzerland, where aligning existing Swiss German Sign Language (Deutschschweizerische Gebärdensprache, DSGS) curricula to the CEFR has become an important topic and, subsequently, the assessment of adult learners has gained more attention. In Switzerland, three different sign languages are used (Boyes Braem, Haug, & Shores, 2012) . In the German-speaking area, DSGS is the primary language of approximately 5,500 Deaf 1 sign language users and a second language to approximately 13,000 hearing persons (Boyes Braem, 2012a) . The group of hearing learners includes hearing children of Deaf adults, sign language interpreters, teachers for the Deaf as well as people who use DSGS due to a wide variety of other professional or personal reasons. There are different DSGS course providers in Switzerland. By far the largest provider is the Swiss Deaf Association, the national umbrella organization for the Deaf, which offers standard courses on seven different levels. Each level corresponds to 30 contact hours that extend over one semester. Currently, the most pressing issue is the lack of reliable and valid DSGS tests that could be used to assess learners in these courses. So far, no DSGS tests for adult learners are available.
DSGS learning takes place in German Switzerland in different contexts, for example, in the sign language interpreter training program in Zurich, family sign language classes, and courses for teachers of the Deaf. Generally speaking, there is a lack of reliable and valid assessment procedures to support DSGS learning. In order to overcome this general lack, different tests and assessment procedures have been developed in two exploratory studies. On the one hand, the Sign Language Proficiency Interview (Caccamise & Samar, 2009 ) has been adapted to DSGS (Haug, Nussbaumer, & Stocker, 2019) , on the other, two vocabulary size tests have been developed for DSGS. The development and evaluation of these two vocabulary tests are the focus of this paper.
One aspect rendering development and research of sign language tests difficult is that most sign languages are under-documented and under-resourced and therefore have, e.g., no corpora or reference grammars at their disposal. This is also true for DSGS: No balanced and representative DSGS corpus exists, and no reference grammar has been put forth. Research on sign language test development and use is itself a rather young field within the domains of sign linguistics and applied linguistics (Haug, 2015) .
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Sign Language Phonology
The articulators in sign languages have been divided into two distinct categories: manual and non-manual components (e.g., Boyes Braem, 1995) . The manual components are the hands and the arms. Non-manual components include several features of the face (mouth, cheeks, eyes, nose, eyebrows, eye gaze) as well as positions and movements of the head and the upper torso (Boyes Braem, 1995; Sutton-Spence & Woll, 1999) . Manual and non-manual components are usually produced simultaneously.
The manual components are traditionally considered the smallest building blocks of sign language phonology. They were first investigated in American Sign Language (ASL) by Stokoe (1960) and later extended by Battison (1978) and Klima and Bellugi (1979) . These sub-lexical manual units, which together compose a sign, are the handshape, location, movement, and hand orientation.
Non-manual components that are produced with the mouth can refer to the lip movements of a spoken word, termed mouthings, and have been found to be common in most European sign languages. One of their uses is to distinguish between signs that have the same manual form (manual homonyms), as with the DSGS signs BRUDER ('brother'), SCHWESTER ('sister'), and GLEICH ('same'). Another non-manual component, eye gaze, can be used, e.g., to re-establish reference in signing space, and raised eyebrows can be added to manual signs, e.g., to distinguish an interrogative sentence from a declarative sentence (Pfau & Quer, 2010) . Johnston and Schembri (2007) proposed a model for the organization of the mental lexicon in sign languages. They divide the mental lexicon into a native and a non-native part. The native lexicon is further divided into a conventional and a productive lexicon (Figure 1 ). The conventional lexicon consists of signs (lexical types) that have a stable form-meaning relationship, e.g., the German Sign Language (Deutsche Gebärdensprache, DGS) sign AUTO ('car'), which can be used in different contexts without a change in meaning (König, Konrad, & Langer, 2012) .
Sign Language Lexicon
Figure 1
Model of sign language lexicon (Johnston & Schembri, 2007) The productive lexicon is quite different and does not consist of an easy-to-determine number of signs.
Sign forms labeled as productive are realized and understood in a given context to convey a specific meaning. The signs themselves are not conventionalized, but their sub-lexical units (especially the handshapes) are. A slight change in one sub-lexical unit can change the meaning. Because of the multiple possibilities for varying the parameters of the form, no citation entry/base form of signs in the productive lexicon is possible.
The number of conventional sign types of a sign language is difficult to determine: Estimates range from 2,500 to 5,000 signs for Australian Sign Language (Auslan) and DGS, respectively (Johnston & Schembri, 1999; Ebbinghaus & Heßmann, 2000) . Since there are a potentially large number of contextspecific meanings, the size of the productive lexicon cannot be determined.
For the purpose of the present research, only signs of the native, conventional lexicon were considered for the vocabulary tests. In order to arrive at a concept comparable to that of word families (Read, 2000) , signs that involve morphological changes to the lexical base form could also be included (Johnston & Schembri, 2007) . However, the problem remains that this group of signs is less clearly defined for sign languages than for spoken languages such as English, which would have an impact on the definition of what a correctly produced sign in a DSGS vocabulary test is. Just considering sign types that are known to have stable form-meaning relationships (König et al., 2012) is further complicated by the fact that little research exists on acceptable phonetic variations of signs (see, e.g., Arendsen, 2009) . For DSGS, a recent study investigated acceptable variants of lexical signs in L1 and L2 users of DSGS (Ebling et al., 2018) , which also served as the basis for defining the criterion of correctness for the translation test of interest in this article.
From a linguistic perspective, the visual-spatial modality of sign languages has an impact on the test design and scoring criteria when the entire lexicon -productive and conventional signs -would be considered as the construct of a vocabulary test for DSGS. In order to arrive at a comparable construct of a vocabulary size test as for English (e.g., Read, 2000) , only the conventional lexicon was considered for the current study.
Aspects of Vocabulary Knowledge: Size and Depth
A distinction often applied to vocabulary knowledge is that between vocabulary size and vocabulary depth (e.g., Read, 2000; Schmitt, 2014) . While size is comparatively straightforward to define, namely as the number of words (or word families) a learner knows, for example, in English (e.g., Meara, 1996; Read, 2000; Schmitt, 2014) , and is often tested through vocabulary size tests, vocabulary depth is defined as how well someone knows a word. The concept of vocabulary depth is commonly divided into different parts (e.g., Read, 2000) . A well-known approach, following Nation (2001) , is to distinguish between form, meaning, and use, with features of orthography, phonology, morphology, syntax, collocations, and pragmatics, with respect to both receptive and productive skills.
The distinction between vocabulary size and depth can also be applied to DSGS, but with some modifications due to the absence of a widely accepted conventionalized writing system for sign languages (Boyes Braem, 2012b) . For the purpose of this project, the focus will be on the development of a vocabulary size measure.
Different Forms of Vocabulary Assessment Instruments
Frequently used instruments for receptive and productive vocabulary assessments are checklists (e.g., Yes/No tests), matching tests (e.g., receptive items in which a test taker is asked to match a target word with other related words or short definitions), or translation from the L1 into the L2 or vice versa (Read, 2007; Kremmel & Schmitt, 2016) . For the purpose of the project at hand, a productive vocabulary test (L1L2 Translation Test) was included in addition to a Yes/No Test (YN Test). A YN Test format was preferred over a matching test because the latter format would have required the production of a larger number of video materials in DSGS (target signs and a number of matching answers) and a more complex technical implementation which was constrained by the project budget.
Yes/No Tests
YN Tests have been reported as a widely used measure for receptive vocabulary size (e.g., Read, 1993; Beeckmans, Eyckmans, Janssens, Dufranne, & Van der Velde, 2001; Pellicer-Sánchez & Schmitt, 2012; Stubbe & Stewart, 2012; Beglar & Nation, 2014) . They have often been used as placement tests (e.g., Laufer & Nation, 1999; Read, 2000; Laufer & Goldstein, 2004; Harrington & Carey, 2009; ) or diagnostic tests (e.g., Read, 2007; Sevigny & Ramonda, 2013) . These kinds of tests are time-effective, easy to administer, and allow for testing a large number of words in a short amount of time (Read, 1993 (Read, , 2007 Meara, 1996; Harrington & Carey, 2009; Stubbe & Stewart, 2012) . Completing a YN Test places only limited demands on the test taker (Pellicer-Sánchez & Schmitt, 2012) . The basic design of YN Tests consists of a test taker seeing a word and indicating whether he or she knows the word (e.g., Beeckmans et al., 2001) . Items of YN Tests can be sampled from word frequency lists, like the Academic Word List (e.g., Gardner & Davies, 2013) , or different 1,000-level word lists from the British National Corpus (e.g., Nation, 2004) .
YN Tests have been subject to criticism in the past. One point of criticism is the possibility of overestimation (i.e., "falsely claiming knowledge of real words", Stubbe et al., 2010, p. 4 ) and guessing on the part of the test takers, i.e., a test taker can rate more words with "yes" than he or she actually knows (e.g., Read, 1993 Read, , 2000 . In order to compensate for this effect, Anderson and Freebody (1983) added pseudowords to their YN Test. Pseudowords are phonologically possible forms of a language (Mochida & Harrington, 2006 ). An example for a pseudoword is borth (based on the English word birth; Mochida & Harrington, 2006, p. 82) The terms pseudowords and nonwords are sometimes used interchangeably (for a discussion see Sevigny & Ramonda, 2013) . For the DSGS YN Test in the present study, the term nonsense signs was used (Mann, Marshall, Mason, & Morgan, 2010) . Nonsense signs are phonologically plausible forms of a sign language that bear no meaning in that language. Nonsense signs can be created by using signs from other sign languages, where the combination of the used sub-lexical units compose a possible form in DSGS, but do not exist in DSGS and bear no meaning. For example, for the present study, the Italian sign for the concept 'play' is a possible phonological form that could exist in DSGS but bears no meaning.
Scores of YN Tests have often been employed in conjunction with other measures of vocabulary size knowledge (e.g., Vocabulary Levels Test; Nation, 2001) to control for the responses of the YN Test (e.g., Stubbe et al., 2010; Pellicer-Sánchez & Schmitt, 2012; Stubbe, 2012 Stubbe, , 2015 . The picture that emerges is very diverse. For example, Meara and Buxton (1987) report a statistically significant correlation (r = .703) between the scores of a YN Test and a vocabulary multiple-choice test. A similar result is reported by Anderson and Freebody (1983) (r = .84) and Mochida and Harrington (2006) , who applied different scoring methods for the YN Test with a range of significant correlations with the Vocabulary Levels Test (r = .85 to .88). However, other studies show a different picture. For example, Cameron (2002) reports no significant correlation between YN Test scores and scores from the Vocabulary Levels Test across different 1,000-word levels, with Spearman rho ranging from .15 to .45. Eyckmans (2004) observed similar results in that no significant correlations between YN Test scores and translations test scores were found (r = .03 to .05).
In a YN Test, the words a test taker chooses as "known" are called hits (e.g., a test taker indicates that he or she knows the English word 'car'), while words rated as "unknown" are termed misses (e.g., a test taker indicates that he or she does not know the English word 'family'). Pseudowords rated as known are considered false alarms (e.g., a test taker indicates that he or she knows the pseudoword 'borth'), and pseudowords checked as unknown are correct rejections (e.g., a test taker indicates that he or she does not know the pseudoword 'borth'; Mochida & Harrington, 2006; Stubbe, 2015) .
As Meara (2005) states, "[t]he real difficulty […] is not the production of the tests, but how we interpret the scores that the tests generate" (p. 278). The simplest solution is to combine the hits and correct rejections into a total score (Mochida & Harrington, 2006) . However, according to Huibregtse, Admiraal, and Meara (2002) , this approach is problematic, as the hit rate is an indicator of vocabulary knowledge, while the correct rejections (or false alarms) are an indicator for the amount of guessing. Three different approaches have been proposed for dealing with the false alarm rate (Schmitt, 2010; Stubbe, 2015) :
(1) Setting a maximum amount of false alarm responses as a threshold for exclusion of a test taker. For example, Schmitt, Jiang, and Grabe (2011) suggested a 10% acceptance rate (three out of 30 items), and Stubbe (2012) applied a 12.5% rate.
(2) Adjusting the YN scores by using one of several different proposed formulas (see Huibregtse et al., 2002 and Stubbe, 2015) . The simplest formula is to subtract the false alarm rate from the hit rate to arrive at a score that better reflects vocabulary knowledge (true score).
(3) Applying a regression model to use the YN test scores to predict scores of translation tests (Stubbe & Stewart, 2012) .
No consensus exists as to what is the best approach or which formula in Approach 2 works best (Schmitt, 2010) .
Regarding the false alarm rate across different studies, the range is considerable. For example, Mochida and Harrington (2006) report less than 5% false alarms in a study with English L2 university students; Stubbe (2012) reports a false alarm rate of a little over 4% in Japanese learners of English at university level; Harrington and Carey (2009) report a false alarm rate of 17% in a study of English L2 learners in Australia, and Eyckmans (2004) reports 13-25% false alarms in French learners of Dutch at different levels. Beeckmans et al. (2001) note that there are no clear guidelines regarding the ratio of real words to pseudowords. For example, among the ratios reported in different studies are 30:3 (Schmitt & Zimmermann, 2002) , 90:60 (Mochida & Harrington, 2006) , 96:32 (Stubbe, 2015) , 60:40 (Meara & Buxton, 1987; Eyckmans, 2004) , 72:28 (Harrington & Carey, 2009 ), and 40:20 (Meara, 1992) .
Translation Tests and Scoring Issues
Productive tests have been used as a means for verifying the test takers' self-reported vocabulary in a YN Test (e.g., Stubbe et al., 2010; Stubbe, 2015) . The study at hand consisted of developing and applying a productive test. The simple form of a Translation Test is that an L1 word is provided and the test taker produces the L2 translation (Laufer & Goldstein, 2004) . In the DSGS vocabulary test used for the present study, the L2 translation consisted of a DSGS sign which will be produced by the test taker.
The responses were scored manually by two raters. Stewart (2012) cautions that production tests that are hand-scored can result in an inconsistency between raters. An important issue concerning the development of scoring instruments is (1) to define a criterion of correctness and (2) to decide whether two (i.e., right/wrong) or more degrees of correctness (i.e., partial credit) should be applied (Bachman & Palmer, 1996) . For assessing a single area of language knowledge, such as vocabulary, the right/wrong distinction can be useful, but when different areas of language knowledge are assessed, partial credit might be appropriate (Bachman & Palmer, 1996) .
Research Questions
Based on the goal of this study, which was to develop and evaluate two vocabulary size tests for DSGS, the following main research questions were investigated:
(1) Do the two vocabulary tests show evidence of reliability?
(2) Do the two vocabulary tests show evidence of validity?
Methodology
Development of Instruments
Four instruments were developed:
(1) Yes/No Vocabulary Test for DSGS (YN Test);
(2) L1/L2 Vocabulary Translation Test for DSGS ("Translation Test");
(3) Scoring instrument for the Translation Test; and (4) A background questionnaire for test takers.
The visual-spatial modality of sign languages has an effect on the test design. Due to the absence of a conventional written form for sign languages including for DSGS (Boyes Braem, 2012b) , stimuli of the test items need to be videos (YN Test) and the responses need to be recorded with a video camera (Translation Test).
Item Selection
Due to the absence of a large corpus for DSGS, it was not possible to create a corpus-based frequency list of DSGS signs as it exists for English (e.g., Laufer, Elder, Hill, & Congdon, 2004 ) that could be used as the basis of a vocabulary test. Instead, a list of 98 DSGS vocabulary items (including 5 practice items) was used that had been developed as part of a Swiss National Science Foundation project (Ebling et al., 2018) . The aim of this ongoing project is to develop an automatic sign language recognition system to employ within a DSGS vocabulary test for the CEFR level A1. The items used in the test were sampled from existing DSGS teaching materials (Boyes Braem, 2004a , 2004b , 2005a , 2005b known to correspond to level A1. The number of sign types available in the DSGS teaching materials is approximately 3,800 (Boyes Braem, 2001) . To reduce this number to 98 items, the following linguistic criteria were applied (Ebling et al., 2018) :
(1) Remove name signs, i.e., signs for persons (e.g., CHARLIE CHAPLIN), organizations (e.g., name of a university), and places (e.g., country names), as many of these are borrowed from other sign languages.
(2) Remove body-part signs like NASE ('nose'), as these are often produced by merely pointing at the respective body part, i.e., using an "indexing technique." (3) Remove pronouns like DU ('you'), as they also correspond to indexical signs. (4) Remove number signs, as they tend to have several regional variants, e.g., the number sign ELF ('eleven'). (5) Remove signs making use of fingerspelling, like the sign JANUAR ('January'), which involves the letter J from the DSGS manual alphabet. (6) Remove signs composed of multiple successive elements, as most of these signs also occurred in the DSGS teaching materials as separate lexemes. For example, the sign ABENDESSEN ('dinner') is composed of the two signs ABEND ('evening') and ESSEN ('meal'), both of which are also contained in the list of sign types of the DSGS teaching materials. (7) Remove old signs, as current DSGS learners cannot be expected to know them.
(8) Remove productive forms. The reason for this step was that the phonological parameters of productive signs tend to be variable, which poses a great challenge to the sign recognition system that is part of the assessment framework in the Swiss National Science Foundation project mentioned above. (9) Remove signs appearing in fewer than four of the five DSGS dialects. (10) Reduce manual homonymy: Since the goal was to have as many different sign forms in the vocabulary test as possible, form-identical signs were identified (e.g., BRUDER ('brother'), SCHWESTER ('sister'), and GLEICH ('same')) and only one chosen for the test. Preference was given to that sign which was contained in a list of 1,000 common sign concepts (Efthimiou et al., 2009 ). (11) Remove signs that are very similar to well-known co-speech gestures, such as the sign SUPER, which corresponds to a thumb-up gesture. (12) Remove signs with German glosses that are lexically ambiguous. For example, the German word AUFNEHMEN can have the meaning of record or accept/include, concepts which in DSGS are expressed with two separate signs. In cases like these, test takers confronted with the German gloss AUFNEHMEN would not know which sign to produce. (13) From the resulting pool of signs, concepts that also occurred in studies investigating familiarity or subjective frequency ratings for BSL (Vinson, Cormier, Denmark, Schembri, & Vigliocco, 2008) and ASL (Mayberry, Hall, & Zvaigzne, 2013; Caselli, Sehyr, Cohen-Goldberg, & Emmorey, 2017) and in the list of 1,000 sign concepts (Efthimiou et al., 2009) were prioritized. In this way, the 3,800 sign types from the DSGS teaching materials were reduced to a set of 98 test items.
The item set was not balanced with respect to parts of speech, as is often done when sampling items for a spoken language vocabulary test. This was because the question of whether the concept of parts of speech can be applied to sign languages is a highly debated one within sign linguistics (see, e.g., Erlenkamp, 2001) .
Yes/No Test for DSGS
The same items were used for the YN Test and the Translation Test. As verification of test takers' knowledge is not possible (Stubbe, 2015) , 25 nonsense signs were developed to control for the selfreport aspect of the YN Test. This resulted in a total of 123 items (5 practice items + 93 test items + 25 nonsense signs). All signs were video-recorded for the YN Test. Following the five practice items placed at the beginning, the order of the remaining signs was randomized as in the original list from the project.
Figure 2 Yes/No Test Practice Item 1 WIDERSPRUCH ('contradiction')
For the YN Test, a Limesurvey installation was used. Limesurvey (http://www.limesurvey.org) is an open-source software for conducting surveys. Each sign was presented separately with the question "Do you know the form and the meaning of the sign?," with a "Ja"/"Nein" ('yes'/'no') button underneath, a "Weiter" ('continue') button to proceed to the next item ( Figure 2 ), and a "Zurück" ('back') button to return to the preceding item. All data were automatically sent to a secure server for storage. The test was self-administered, but the researcher was present during test taking in case there were any technical issues.
L1/L2 Translation Test and Scoring Instrument for DSGS
For the Translation Test, the same set of concepts was used, delivered in the same order as in the YN Test but omitting the nonsense signs, which resulted in 98 signs. The test was delivered as a PowerPoint presentation on a laptop. Following an instruction in written German on the first slide, on each slide, the German word appeared, and a German sentence designed to disambiguate the meaning was provided. For example, to avoid confusion of German homonyms like "Schloss," which can have the meanings of castle and lock that are expressed by two different signs in DSGS, the following example sentence was provided: "In Lenzburg steht ein Schloss." ('There is a castle in Lenzburg [name of a Swiss city].'). The test taker was seated at a table facing a video camera and with the laptop placed on the table to the right-or left-hand side of the test taker, depending on his or her preference. A test administrator clicked through the slides so that the test taker could look directly at the video camera while producing the sign.
The criterion of correctness (Bachman & Palmer, 1996) was defined as the accuracy of the translation of the German word into DSGS. Building on the work of Ebling et al. (2018) on acceptable variants of lexical DSGS signs, the resulting categories informed the criterion of correctness. For a correctly produced DSGS sign, a score of "1" was assigned, for an incorrect form, a score of "0." Apart from the decision of whether the sign was correct or not, an additional category "no sign produced" was introduced. Test takers also received a score of "0" for these null productions, but the data were collected separately from the incorrect signs to allow for a more fine-grained analysis of inter-rater reliability. The video-recorded data were scored independently by two raters.
Background Questionnaire
The background questionnaire included questions in the following areas:
(1) General background information (e.g., name, gender, age); (2) language and language-learning background, including variables such as first and preferred language(s), DSGS courses attended, and self-judgment of receptive and productive DSGS skills;
(3) background information on professional/vocational training, work context (i.e., current position, use of DSGS at work), and test takers' use of DSGS in their free time; and (4), Deaf family members and, if present, language of communication. It took an average of ten minutes to complete the questionnaire.
Testing Procedure
After a pilot study with three test takers, which resulted in some small revisions to the background questionnaire and the wording of the YN Test instructions, a main study was conducted with 20 test takers. The test takers were sampled through different professional networks of the researchers. The testing protocol consisted of the following phases:
(1) conveying background information on the project, (2) filling in online background questionnaire (test takers), (3) completing the YN Test (online), and (4) completing the Translation Test (this included video-recording the test takers for later analysis).
Sample of Main Study
Of the 20 test takers, five were male and 15 female. The test takers were between 24 and 55 (M = 39.3) years old at the time of testing. 19 of the 20 test takers were hearing; one wore a cochlear implant and had acquired German as her first language but was also learning DSGS as an adult. The majority of the test takers had one spoken language (e.g., a Swiss German dialect or Standard German; n = 18) as their L1. Two participants reported having grown up with two spoken languages. All participants had learned DSGS as adults (age of acquisition range: 18-53 years, M = 35.4).
Background of the Raters
Both raters are female. Rater 1 (R1) is 54 years old, Rater 2 (R2) 45. Both raters acquired DSGS from birth through Deaf family members and use DSGS in both their private and their work context. Both are trained sign language instructors and have been teaching and evaluating different groups of learners (beginning learners as well as sign language interpreting students) for over 30 (R1) and nearly 20 years (R2), respectively. R1 is a lecturer in the sign language interpreting program at the University of Applied Sciences for Special Needs Education (HfH) and has also been involved in many different DSGS research projects over the last 20 years. R2 works also as research assistant at the HfH and for the Swiss Deaf Association. Both raters received specific training to use the scoring instrument of the Translation Test.
Statistical Procedures
The data collected for this project comprise:
(1) Test scores of the YN Test (2) Test scores of the Translation Test (3) Questionnaire data
Statistical Assumptions
The data of the YN Test and the Translation Tests were normally distributed, allowing for the use of parametric procedures. A statistical significance level of .05 (2-tailed) was used. For the YN Test, the adjusted scores (true scores) served as the basis for all of the analyses. For analyses that involved the YN Test score, one study participant was excluded, as she/he had to terminate the YN Test after the first 40 items due to technical difficulties. The scores of the Translation Tests of Rater 1 and Rater 2 were treated separately.
Nonparametric statistics were chosen for investigating inter-rater reliability of the Translation Test and to compute correlations that involved ordinal-level data. In addition, Cohen's (1992) scale for determining the strength of the relationship of a correlation was chosen: (1) .10 to .29 as small, (2) .30 to .49 as medium, and (3) .50 to 1.0 as large. Furthermore, the coefficient of determination, i.e., how much shared variance the two variables have in common, was calculated by squaring the r or rs value (Pallant, 2016) .
The analysis of effect size for a paired-samples t-test followed Cohen's (1988) 
Results
Item Analysis of the Test Scores
Items were retained in the item pool when they met the following criteria: (1) facility value (FV) between .20 to .90 (e.g., Bachman, 2004) and/or (2) a corrected item-total correlation (CITC) >.30 (Carr, 2011; Green, 2013) .
Item Analysis of the YN Test Acores
A total of 26/98 items did not meet the defined criteria of FV and/or CITC and were thus candidates for future removal.
Item Analysis of the Translation Test Scores
As for Rater 1, 16 items were candidates to be removed from the test, and 24 items would need to be removed based on the results of Rater 2. Across both raters, 26 items were identified that did not meet the FV and/or CITC criterion. As the Translation Test is still under development, it was decided that only items for which at least one of the criteria for removal defined above was met by both raters were considered to be discarded. This resulted in a total of twelve items (Table 1) . 
Evidence for Reliability
Cronbach's Alpha
For the YN Test, the Cronbach's Alpha value for the real DSGS signs as shown in Table 2 can be considered high ( = .980), and for the nonsense signs, acceptable. The Cronbach's Alpha value for the translation test can also be considered high, with a small difference between Rater 1 ( = .970) and Rater 2 ( = .961). .970 Translation Test, Rater 2, 98 items (N = 17*)
.961 *Listwise deletion based on all variables in the procedure
Inter-Rater Reliability of the Translation Test
Cohen's Kappa was applied to investigate inter-rater reliability (Gwet, 2014) . Instances of the "no signs produced" category were treated as missing values in order to gain a more realistic picture of the raters' behavior (in an operational test, occurrences of "no sign produced" would be treated as "wrong").
The agreement between the two raters on the translation test was = .613, p <.001, which is considered "substantial" according to Landis' and Koch's (1977) Kappa benchmark scale. To investigate the raters' strictness, a paired-samples t-test was applied. Using the raw scores as the basis for the comparison, there was a statistically significant difference between the ratings of Rater 1 (M = 53.6, SD = 22.96) and Rater 2 (M = 47.7, SD = 20.73), t (19) = 5.871, p <.001 (2-tailed). The mean difference was 5.9, with a 95% confidence interval ranging from 3.79 to 8.0. Effect size was calculated using the eta squared formula (Pallant, 2016) . This resulted in a value of .644, which qualifies as a "strong" effect according to Cohen (1988) indicating a large magnitude of the difference between the raw scores of Rater 1 and Rater 2. More precisely, Rater 1 evaluated the test takers less strictly than did Rater 2.
Evidence Contributing to the Vocabulary Tests' Validity
Based on the information obtained from the test takers' background questionnaire, the variable "number of DSGS courses attended" proved to be statistically relevant. More precisely, the results yielded a statistically significant relationship between the number of DSGS courses attended and the YN Test scores (n = 17; rs = .528, n = 17, p = .036, (2-tailed) ). The amount of shared variance was .278 or 28% between the two variables, which was not high. The strength of the correlation can be considered as strong (>.50).
The results between the Translation Test scores and the variable "courses attended" were equally statistically significant (Table 3 ). This means that the more courses the test takers had taken, the higher their scores were. The correlation was slightly higher with Rater 2 than with Rater 1. Both correlations can be considered strong (>.50). The shared variance of the two variables with Rater 1 was .337 or 33.7%, and with Rater 2, .361 or 36.1%. 
Comparison of the Performances of the Test Takers on both Vocabulary Tests
In order to investigate evidence for a statistical relationship between the scores of the YN Test and the Translation Test, two correlations were calculated. Both correlations were strong (>.50), i.e., the higher test takers scored on one of the tests, the higher they scored on the other test. The shared variance of the two variables was .657 or 65.7% for Rater 1 and .752 or 75.2% for Rater 2 (Table 4 ). 
Nonsense Signs of the YN Test: False Alarm Rate
The frequency distribution of the nonsense signs was analyzed. Seven test takers claimed to not know any of the nonsense signs (correct rejections), the remaining test takers claimed to know between one and ten nonsense signs (false alarms).
The hit rates of the real items (N = 98) and the nonsense signs (N = 25) are displayed in Table 5 . The false alarm rate was 9.26% (ranging from 0 to 10 signs). 
Discussion
Item Analysis of the YN Test and Translation Test
Given the developmental stage of both tests and the fact that they had to have the same set of items, it was decided to remove only items that met at least one of the two criteria of FV and CITC in both the translation and the YN test scores. This resulted in a total number of seven items, marked with an asterisk in Table 1 . For future operational versions of both tests, the order of the items will be changed according to the results of the level of difficulty (balanced between Rater 1 and 2 in the translation task and checked with the FV of the YN test scores), starting with easier items.
Inter-Rater Reliability: Cohen's Kappa
The inter-rater reliability score for Rater 1 and Rater 2 as reported in the Result section is acceptable for the purpose of this study. However, it is desirable to have a higher agreement value in future studies. The results of the paired-samples t-test showed that Rater 1 scored less strictly than Rater 2 on average. It was not possible to determine the precise sources of the disagreement (and also not possible to include a third rater), but possible explanations could be (1) the lack of a more intense rater training (e.g., McNamara, 1996; Fulcher, 2014) and/or (2) insufficient clarity as to the concept of correctness of a sign, which also touches on the ongoing discussion of what acceptable variants are (Ebling et al., 2018) . These issues are currently investigated in a follow-up study whose aim is to apply a Rasch analysis to the data and qualitative interviews with the raters (Haug, Batty, & Ebling, 2019) .
At first glance, a "correct" or "incorrect" decision at the single-sign level does not seem to pose a challenge, as judging the correctness of an entire signed utterance would. However, as mentioned earlier, there is to date no consensus as to what an acceptable phonetic variant of a sign is. This might be influenced by the fact that sign languages are not standardized languages (Adam, 2015) . The previously mentioned study of Ebling and colleagues (2018) on acceptable variants in DSGS will help to shed more light on this topic. This will in turn also help to get a clearer definition of the proposed criteria of correctness (Bachman & Palmer, 1996) .
In the future, one would also need to decide whether a combined test score should be reported if a certain minimum of agreement between two or more raters has been reached, and how the scores will be communicated to the test takers. Intra-rater reliability should also be investigated in the future.
Evidence of Validity in the Two Tests
Content Validity
For the study at hand, content validity was established through the way the items were sampled. The list of lexical DSGS signs, compiled within the previously mentioned project, was sampled from wellestablished DSGS teaching materials (Boyes Braem, 2004a , 2004b , 2005a , 2005b ) that are used for beginning learners in different DSGS learning contexts in German Switzerland, and to which specific linguistic criteria were applied to reduce the number of items from around 3,800 to 98 (Ebling et al., 2018) . This provided a solid basis for developing the two tests here. Even though the aspects of frequency and part of speech could not be accounted for due to the lack of a corpus and sufficient research for DSGS, respectively, the list used represents signs that beginning learners are exposed to in their DSGS classes. However, the absence of a DSGS corpus poses a big problem in the long term, when the items will eventually need to be modified or replaced. A future study, therefore, consists of letting a larger group of experienced Deaf sign language instructors rate the levels of difficulty of a larger set of items. This will allow future sampling of items from different levels of difficulty.
Test Performances on the Two Tests
External Variables Contributing to the Test Takers' Performance
As pointed out in the introduction, due to the lack of an existing DSGS vocabulary test for adult learners that would allow for investigating concurrent validity, external variables (self-assessment of DSGS skills, number of DSGS courses attended, and DSGS learning contexts) were identified through the background questionnaire that might explain or contribute to the overall test scores. Of these three variables, only the variable "number of courses attended" exhibited a statistically significant correlation with the scores of both tests. A possible explanation for the fact that the other two variables did not correlate with the test scores is that a self-assessment is too difficult for the test takers to undertake, due to the lack of a reference. For example, "very good" DSGS skills might mean something different to a beginning learner of DSGS than to a trained sign language interpreter. The selfassessment rating might also be influenced by the level of self-criticism of the learner. As for the learning context variable, it is one that is hard to quantify, i.e., what exactly does using DSGS with friends or at work imply in terms of language exposure? The number of courses is perhaps the most appropriate variable to correlate with the test scores in that it is easy to quantify and also contains the notion of language exposure.
In addition, the applied statistics were only of correlational nature, which means it is uncertain whether the number of courses is really the predictor variable contributing to the test scores. Nevertheless, the correlation between the number of courses attended and the test scores represents evidence that an external variable can be used as argument for concurrent validity. This method of approaching concurrent validity has previously been applied in sign language testing by Mann (2006) and Haug (2011) .
Comparing Test Scores of Both Tests
The correlation of the test scores of the Translation Test and the YN Test as reported in Table 4 showed promising results with a strong correlation. These results are comparable to studies on English that correlated YN test scores with scores of existing vocabulary tests, both with correlations (e.g., Anderson & Freebody, 1983; Mochida & Harrington, 2006) and by computing the shared variance (Mochida & Harrington, 2006) . However, there are also studies for spoken language that report weaker correlations (e.g., Cameron, 2002; Eyckmans, 2004) .
Evaluation of the Nonsense Signs
The false-alarm rate was somewhere in-between what has been reported for spoken language YN tests in the literature. In the future, it will be interesting to investigate whether the false alarm rate is a function of over-or underestimation with respect to the translation scores of the test takers.
The literature for spoken language YN tests provided a framework for developing the YN Test for DSGS, containing (1) the concept of pseudowords (e.g., Beeckmans et al., 2001) , (2) suggestions for adjusting the YN Test raw scores by means of a correction formula (e.g., Stubbe, 2015) , and (3) a reference regarding the false alarm rate (e.g., Stubbe, 2012) . However, there is one crucial difference between nonsense signs and pseudowords: In DSGS, the form and the meaning of a sign is composed of both manual and non-manual components that are produced at the same time, i.e., two different visual channels are used simultaneously to produce a linguistic symbol. This use of simultaneity on different linguistic levels in sign languages is quite different from how spoken languages are structured, especially at the level of the isolated lexical item. Test takers in the pilot study reported that they applied different strategies in cases where they did not understand a sign as a whole (i.e., information from all channels). It was only when the manual form was unknown to them that they tried to retrieve meaning from the mouthing. Because of this, it is clear from this study that more research is needed to determine whether the nonsense signs really fulfill their function for a YN test. One could pursue this question by letting L1 users of DSGS judge whether nonsense signs could potentially be DSGS signs under the following conditions: (1) with no mouthing, (2) accompanied by a German mouthing, and (3) accompanied by a mouthing from the original sign language (e.g., the BSL sign KNOW and the English mouthing /know/). For future YN Test uses, one could also experiment with including the information in the instructions that there are some signs in the test that are not actual DSGS signs.
Conclusion
The goal of the study reported in this article was to develop and evaluate two DSGS vocabulary size tests, one relying on a self-report format (YN Test) and one on a verifiable format (Translation Test), with both tests showing the potential of being used operationally in different DSGS learning contexts as placement and/or diagnostic instruments for beginning adult learners in German Switzerland (along with other DSGS instruments). Developing and evaluating a test of vocabulary knowledge for a language like DSGS that is under-documented and under-resourced poses a number of methodological challenges, which have been discussed in this article. Despite these constraints, it was possible to develop and evaluate the two tests.
A limitation of the work reported in this study was the sample size of the main study, which at 20 was too small to allow for generalization of the findings. A third rater would have been preferable in order to obtain more data, and the rater training was rather short. In addition, the effectiveness of the nonsense signs could not be assessed exhaustively.
This is the first and only study so far in the field of sign language assessment that explicitly addresses vocabulary assessment for adult learners of sign language not only in Switzerland but internationally. Studies from the field of spoken language assessment provided a framework for the development of some aspects of the two tests and were supplemented by studies from sign language linguistics. The results of this study complement studies from the larger field of spoken language assessment and will contribute to future research in sign language testing and assessment and its application.
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